128 March 2006 - 1 - DESCRI PTION LI QUI D CRYSTAL DI SPLAY AND PORTABLE

TERM NAL HAVI NG THE SAME 5 Technical Field The present inyZ8wanh 2086ates to
liquid crystal displays and portable terminals having the sane, and nore
specifically, it relates to a liquid crystal display having a nmenory for
each pixel and to a portable termnal in which 10 the liquid crystal

di splay is used as an output display. Background Art A liquid crystal

di spl ay displays inmages by changi ng jatrangenent of |iquid crystal

nol ecul es by applying and 15 withdrawing an electric field and thereby
controlling transm ssion/ bl ocking of light. The liquid crystal display, in
principle, does not require a Iarge anount of power for driving, and it is
a display device with a | ow powBESCEIRIERPti on, in which power consunption
is maintained small. 20 Thus, liquid crystal displays are widely used as
out put displays of portable termnals, particularly those mainly powered
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in order to allow use of a battery for along , .1 28 March 2006 2
5 Technical Field

The present invention relates to liquid crystal
displays aﬁd portable terminals having the same, and more
specifically, it relates to a liquid crystal display having
a memory for each pixel and to a portable terminal in which

10 the liquid crystal display is used as an output display.

Background Art
A liéuid crystal display displays images by changing
‘arrangement of liquid crystal molecules by applying'and
15_ withdrawing an electric field and thereby controlling
transmission/blocking of light. The liquid crystal display,
in principle, does not require a large émount of power for
driving, and it is a display device with a low pdwer
consumption, in which power consumption is maintained small.
201 Thus, liguid crystal displays are widely used as output
displays of portable terminals, particularly those mainly
' ﬁowered by batteries, such as cellular phones aﬁd PDAs
(personal digital assistants). ‘
In a liguid crystal display for this typé of

. 25 application, in ordexr to allow use of a battery for a long




. r

v

"per,iod by a single charging, attenpts have been nade to reduce power
consunption by lowering the driving voltage or by | oweri 2§ Mixeh 8006/i ng
frequency. Furthernore, as a pixel structure that allows further reduction
in power consunption, 5 a liquid crystal display in which a nenory is
provided for each pixel is knowmn (for exanple, refer to Japanese
Unexam ned Patent Application Publication No. 9-212140). In such a liquid
crystal display of a pixel structure in which a nenory is provided for

each pixel, with regard to 10 a still picture, once inmage data is witten
to a menory unit of a pixel, it suffices to repeatedly drive the pixel for
di splay using the inmage data stored in the nenory of the pixel. Thus,
signal lines need not be charged and di scharged on each occasion, and in
princigd€iod hey anldinghs elRGidiing PeWRlenRAUIHLL itedhdladOrd nverting
polarity. This allows further reduction in power consunption.. In the

i qui deeiyesd adoviins plaays raMiiRg: Hye 1eeestinde tihen drdesely ked takever the
arrangenent has hitherto been such that the sane path is used for witing
i mage atlaovWaroma tSiegridivAtid iMeguenayTe My dhirincafe ,a api xelpiaed for
reading i mage data out of the nmenory into a liquid crystal cell unit at
the pEtelctubdristhathenl Iavgel dattaen scadudtom t tn t hbewaenooysumpst hewe, t he
liquid crystal cell unit is connected to a wite Iine and the pixel
capacia dricatiids atvartgdd ditsivd epotianwhalchok. m@Hotrlye ilsi guiodrideysttal cel | unit
(hereinafter referred to as 28 March 2006 - 3 _

each pixel is known (for example, refer to Japanese
Unexamined Patent Application Publication No. 9-212140).

In such a liquid crystal display of a pixel structure
in which a memory is provided for each pixel, with regard to

10  a still picture, once image data is written to a memory unit

of a pixel, it suffices to repeatedly drive the pixel for
display using the image data stored in the memory of the
-ﬁixel. Thus, signal lines need not be charged and
discharged on each occasion, and in principle, the only
15 electric power required is that for inverting polarity.
This allows further reduction in power consumption.

In the liguid crystal display having the construction
described above, the arrangement has hithertoc been such that
the same path is used for writing image data from a signal

20 . line to a memory unit of a pixel and for reading image data -

out of the memory into a liquid crystal cell unit at the
pixel. Thus, when image data is written to the memory,
"since the liguid crystal cell unit is connected to a write

- line and the pixel capacitance is charged, the potential of .

25 .the liguid crystal cell unit (hereinafter referred to as




pi xel potential) becomes unstable, affecting the wite operation.
Consequent |y, depending on characteristics of transistor28Manch200d he
“pixel circuit, data held in the nmenory mght be nodified by the pixel
potential, causing considerable variation in picture quality due to the
variation in the transistor characteristics. The present invention has
been made in view of the above problem and an object thereof is to
provide a liquid crystal display in which the effect of a pixel voltage
during witing of data to a nmenory is renoved, serving to provide a | arge
margin against variation in charactetistics of transistors formng a

pi xel circuit, and to provide a portable termnal having the liquid
crystal disipledypoirgdhos urercoks| mvertbilon ATotdnagitcowaife rst aspect of the
invention, there is provided a liquid crystal display conprising a
pluralitycperpriel- Epresfdusstivcldepicngitrd i gheydeaiseetd odnits, arranged
to forma matrix on a substrate, vertical driving_neans for selectively

driving tHE2PFEFEALS fOHT O £BF RIXSAUFEECH T a P BT O BYs P€RTNher ei n

each of the rality_of pixel circyits canmprises: .a_ pixel-select switch
for witifg gglﬁu%eng]ocd)éfll%%%é’ g#l%rPaJlxe eao?efngtrﬁa&t he ' $itg a?orfsilr?gr?%f? he liquid

crystal C%Jalé.i!a'{?j.cg 10 pSYNGR a0k ZAL) QRS RpverliLali jfCanniHAg; a menmory for
hol di ng a igital 1mage signal; a wite. 28 March 2006 - 3a switch for
witing tarhhe: fRWEYadadlictibalcd mge signal fed
The present invention has been made in view of the above

"problem, and an object thereof is to provide a ligquid crystal

display in which the effect of a pixel voltage during writing of

data to a memory is removed, serving to provide a large margin

against variation in characteristics of transistors forming a

pixel circuit, and to provide a portable terminal having the

liguid crystal display.

Disclosure of Invention

According to a first aspect of the invention, there is
provided a liquid cr?stal display comprising a plurality 6f pixel
circuits including liquid crystal cell units, arranged to form a.
matrix on a substrate, vertical driving means for selectively
driving the plurality of pixel circuits on a row-by-row basis;
wherein each of the plurality of pixel circuits comprises: a
pixel-select switch for writing an analog image signai fed from
the signal line to the liguid crystal cell unit in
synchronization wiﬁh vertical scanning; a memory for holding a

digital image signal; a write.




froma signal line wired on a columm-Dby-colum basis; and a read buffer
for reading the digital image signal held in the nenory @8Masxch0dg t he
digital image signal to the liquid crystal cell unit; a read switch for
causing a hi gh-i npedance state between an output term nal of the read
buffer and the |liquid crystal cell unit after conpletion of witing of the
digital image signal fromthe nenory to the liquid crystal cell unit by
the read buffer; wherein the verticeaBadriving neans conprises: a first
vertical driving neans for driving the pixel-select swtch and the read
switch oRvatFlovEdy Wrdhinpdsl $heans@ephd Fepttdhalimgoryphgnded$d for driving

the wit SMAtCh on r ow-,by-row basis. Accor 0o a second aspect of
t he inve%FP 198Pd ? Cd8d A P Ap %?W%ngﬁsb% hgti%Png an out put

dlsplay rQQ 'ﬂﬁkf%rpQB% f@aé% kﬁ¥ %aln aﬁnﬁgf§ f% qhgplayed Only

in a partla region of a scr eln a qU| crysta display is used

as the owbpyty depkaYyrikdad QHFQt&I VisdaRle s€inSPl @y enEPIigiiRg a plurality
of pixel circuits arranged to orma matrix on a substrate, each of the

pluralityregftal xelll ahicuid eadchutlialg farl causithocry 8t gh-oglddaunet, a
pi xel -select switch for witing an anal og i mage signal fed fromthe signa
"line to tsﬁétﬁhﬁ]i‘ﬂ@eér?%tﬂwtwél Itearnimegli @fsyh%hlrezﬁ«ﬁ paffen aid frheverti cal

scanni ng, menory for hal din ital im e a wite switch for
o1 4 ng P ehE GROgGRS SO grdl St gttt g bHi% 8 GHAT 11 ne ¢ hat
s w redd?gl@alcqlm%% s:pgnaql.Olflfo PﬁSI Se’mo% tg th aqlgHE&errYSBCaIYBrCh 2006

cell unit by the read buffer; wherein the vertical driving

means comprises: a first vertical driving means for driving

the pixel-select switch and the read switch on a row-by-row

basis; a second vertical driving means for driving the write

.switch on a row-by-row basis.

According to a second aspect of the invention, there is

provided a.portable terminal comprising an output display

having a partial display mode in which an image is displayed

only in a partial region of a screen, wherein a liquid crystal

display is used as the output display, the liquid crystal

.display comprising a plurality of pixel circuits arranged to

form a matrix on a substrate, each of the plurality of pixel

circuits including a liquid crystal cell unit, a pixel-select

switch.for writing an analog image signal fed from the signal

line to the liquid crystal cell unit in synchronization with

vertical scanning, a memory for holding a digital image

signai, a write switch for writing to the memory a digital

image signal fed from a signal line that is wired on a column-

. by~column‘basis, and a read buffer




- 3b for reading the digital image signal held in the nenory and witing
the digital imge signal to the liquid crystal cell unit,628MarhQ086u t ch
for causing a high-inpedance state between an output term nal of the read
buffer and the liquid crystal cell unit after conpletion of witing of the
digital image signal fromthe nmenory to the liquid crystal cell unit by
the read buffer, a first vertical driving nmeans for driving the

pi xel -sel ect switch and the read sw Bbh-on a row by-row basis, a second
vertical driving nmeans for driving the wite switch on a row by-row basis.
I n exarrplfé’reﬁﬁ@gmﬁeﬁﬂ’@ Bigited iAgent $omali Redd| inuihe mengsy #nddi spl ay, or
in a portahle termnal ;in . which the liquid crystal display may be used as
an out put'*ditspy aye £14i it amagengyenay 3ﬁalthﬁa§/l%%\ncirﬁ’§£‘ﬁl f%drh t he si gnal
line to me I e.re . tch, .whil i Qi i e signal may
be read h?)lg{c ’o?o{%ag ?‘%“?r%%‘? f|orﬁ %g%l %gﬁ‘}%iaq&l\gﬂc%&%aﬁ%c%e%ﬁéﬂéni%?&\‘fﬁént he read
buffer. Thabuisut SRRALALE PO FBYq bsiUedAQ e 1tih09a &-dicghtal image

signal to the nenory and for reading a digital inage signal fromthe
menory. THeas, umhennfaedi goh@ledidager wtighiak b8 tid (digAthD imeyenenory, the
wite operation nmay not be 28 March 2006 - 4 affected by the pixel
pot ent i alsigRatt frammbhe, methany &9 dhal bigiuidnagessilgrell li sndi recthy written
fromthe signal line to the liquid crystal cell unit, witing to the
menory rnfﬁa eb@ﬁﬁﬁrbiﬁeglrst vertical driving means for driving the

pixel-select switch and the read switch on a row-by-row basis,

a second vertical driving means for driving the write switch

on a row-by-row basis.

In example embodiments of the invention, in a liquid

crystal display, or in a portable terminal in which the liquid

crystal display may be used as an output display, a digital

image signal may be written from the signal line to the memory

via the read switch, while a digital image signal may be read

out of the memory into the liguid crystal cell unit via the

read buffer. That is, separate paths may be used for writing

a digital image signal to the memory and for reading a digital

image signal from the memory. Thus, when a digital image

signal is written to the memory, the write operation may not

be




by operation of the read buffer disposed between the nenory and the liquid
crystal cell unit. Briéf Description of the Draw ngs Fi g. 28 March2B0®ck

di agram showi ng a schematic overall construction of a liquid crystal

di splay according to an enbodinent of the present invention. Fig. 2 is a
circuit diagram show ng an exanple configuration of a pixel circuit on an
i-th rowand i-th colum, and Fig. 3 is a circuit diagramshowing a first
exanple of the pixel circuit. Fig. 4 is atimng chart for witing of an
anal og image signal to a nenory circuit, Fig. 5is a timng chart for
witing of inage data to the nenory circuit, and Fig. 6 is a timng chart
for reading of image data fromthe mefiory circuit. Fig. 7 is a circuit

di agram showi ng a second exanple of the pixel circuit. Fig. 8 is a block
di agr am sHdwichgd s paei Pi@le?ah?ni‘eialeonﬁl@fmeéﬁﬂpm ohen 414 ragelegrti cal
driving circuit, Fig. 9. is a_block diagram show ng a_specific exanple

conf i gur afe9R 6%9%13é60ﬂ3dr%11¥|‘6%1|tt8i“| Fory tt?ler Eh‘iﬂial iBn%trocI’thOOG 5 Fig. 10
isatim t|n over escreenln

t f
o anal ool dh1T R0 0T A0 QO dS BNy TR NS PO oo |
data in 3, comlred d n:satéaxfeg& At @awgpége%nsgt&u&p@x Ahe.3 gpgory 5 data

di spl ay, s atimng chart for wit
the liquid crystal cell unit.

Brief Description of the Drawings

Fig. 1 is a block diagram showing a schematic overall
construction of a liquid crystal display according to an
embodiment of the present invention.

Fig. 2 is a circuit diagram showing an example
configuration of a pixel circuit on an i-th row and i-th
column, and Fig. 3 is a circuit diagram showing a first
example of the pixel circuit.

| Fig. 4 is a timing chart for writing of an analcg image
.signal to a memory circuit, Fig. 5 is a timing chart for writing
of image data to the memory circuit, and Fig. 6 is a timing
chart for reading of image data from the memory circuit.

Fig. 7 is a circuit diagram showing a second example of the
pixel éircuit.

Fig. 8 is a block diagram showing a specific example
configuration of a first vertical driving circuit.

fig. 9 is a block diagram showing a specific example

. configuration of a second vertical driving circuit.




menory data in a combined display of an anal og-signal display and a
menory-data display. Fig. 13 is. an external view show ng 28 Mablesddd c
construction of a cellular phone according to the present- 10 invention,
and Fig. 14 is a diagram showi ng an exanpl e di splay on an out put displ ay.
Best Mode for Carrying Qut the Invention Now, enbodinents of the present
invention will be 15 described in detail wth reference to the draw ngs.
Fig. 1 is a block diagram showi ng a schematic overall construction of a
liquid crystal display according to &n—enbodi nent of the present
invention. As is apparent fromFig. 1, the liquid crystal display 20
according to this enbodi nent includes a pixel region 11 where pixel

circuits ing}ydi L Oy d; t I nj rranged in a matrix,
first and se%%hdﬂge%%i%aﬁlﬁigéi%gaggi%%gi%£§ﬁgﬂgﬁa§f%@for §%$ectively

drivingitheipbxel a6 baekbs kBrbBe RhxXgh aﬁggea-;igﬁaladigmgy;row basi s,

and a 25 signal-line driving circuit 14 for feéding i mage signals, on 28

March 2086 11 6s a €ohuny- byizeel ¥aR BasuSngt BrPhXRbrgi ASHLL SHL0R rows
selectively driven by the vertical 'driving circuits 12 and 13. In the

pi xel eegbonedldikplagnodr kAyanhlBg-eWGnRY- 8L spDhYNASd Ph X@bSorgcanni ng
lines 15-1 to 15-n and msignal 5 lines 16-1 to 16-mare wired in a matri X,
and t héapaxélisptaycuahd Big.dL8posed atimtihg thietsectiwnstimeredf .
memory data in a combined display of an analog-signal
display and a memory-data display.
Fig. 13 is an external view showing a schematic
construction of a cellular phone according to the present

10 invention, and Fig. 14 is a diagram showing an example

display on an output display.

Best Mode for Carrying Out the Invention
Now, embodiments ©of the present invention will be
15 described in detall with reference to the drawings. Fig. 1
is a block diagram showing a schematic overall construction
of a liquid crystal display according to an embodiment of
the present invention.
As is apparent from Fig._l, the liquid crystal display
20 according to tﬁis embodiment includes a pixel region 11
where pixel circuits_including liguid crystal cell units are
arrandged in a matrix, first and second verticai driving
circuits 12 and 13'fgr selectively driving the pixel
circﬁits in the pixgl region 11 on a row-by-row basis, and a

'_25 signal—-line driving circuit 14 for feeding image signals, on




The first and second vertical driving circuits 12 and 13 and the

si'gnal -line driving circuit 14 are. inplenented in what 28 Matheohean
integrated driving circuit arrangenent, 10 that is, integrally forned on a
substrate (hereinafter referred to as a liquid crystal display panel) 17
on which the pixel region 11 is forned. Mre specifically, the first and
second vertical driving circuits 12 and 13 are di sposed separately on the
left and right sides of the pixel region 15 11. The signal-line driving
circuit ‘14 is disposed, for exanple,.on an upper side of the pixel region
11. Furthernore, a pad region 18 is provided in a | ower-edge region of
the liquid crystal display panel 17. The liquid crystal display panel 17 is
formed of a TFT 20 substrate having thereon switching elenments for the
respec? i yelpixdby ctewin shasiueh &s pikel félnctiansistorss (TFTs), an
opposi ng substrate having color filters and opposing el ectrodes, these
subst regeachieialgy | & e de vikitd vesichcot hdrivimg ¢ivghdteriztand

encapsul ated between the 25 substrates. In the pixel region 11, swi tching
of thetIFrTslpgharktcebosrgion Yor fore espenay vaf pgixedveibedits is
controlled on a rowby- row basis by the first and second vertical driving
ci rcui TRLUME FhkeP . FRAVOIRAgET AT el uphl ted It Gl iy $90akage  signal s
fed fromthe igqgl- ine drivin ircuit 14 via the 5 signal_lines 16-1 to
16°m WHEFenP theoriem aaﬁeoﬁ“d?e‘ftfél g iU der vt thes Rigifth ol 1 ed to

.ChanQQ1f£éHE¥gtéég“aaégosed at the intersections thereof.
The first and second vertical driving circuits 12 and
13 and the signal-line driving circuit 14 are implemented in
what is called an integrated driving circuit arrangement,

10 - that is, integrally formed on a substrate (héreinafter
referred to as a ligquid crysfal display panel) 17 on which
the pixel region 11 is formed. More specifically, the first
and second vertical driving circuits 12 and 13 are disposed
separately on the left and right sides of the pixel region

15 1li. The signal-line driving circuit 14 is disposed, for

example, on an upper side of the pixel region 11.

Furthermore, a pad region 18 is provided in a loﬁer~edge
region of_the liguid crystal display panel 17.

The liguid crystal display panel 17 is formed of a TFT

20 substrate having thereon switching elements for the

respective.pixel circuité, such as thin-film trahSistors
(TFTs), an opposing substrate haviﬁg color filters and
opposing electrodes, thése substrates being laminéted with
each other( and liguid crystal encapsulated between the /

~ 25 substrates. In the pixel region 11, switching of thé TFTs




light, allowing di splay of inmages. The signal-line driving circuit 14

out puts AC anal og image signals to the signal |ines.16-128Mdrch2006The AC-
10 driven anal og i mage signals herein refer to anal og i nage signals whose
polarity is inverted at a cycle with respect to a center at a conmon

vol tage VCOM (signal center) in order to avoid. degradation in the
resistivity (specific resistance of a material), etc. of the liquid
crystal due to 15 continuous application of DC voltages of the sane
polarity to the liquid crystal. Dri%ing by the AC-driven anal og i mage
signals can be broadly classified into 1F-inversion driving (1F refers to
a field period) and 1Hinversion driving (1H refers to a 20 hori zont al

scanni fg- Peid Ofdspd Bt flie | pyves i @M Al vd N ddrr POl idy HirApalag i mage
signals is inverted when analog inage signals of a polarity have been

Wi ttefow Gadis e i Xel Sst |dhd Hsddved st tid vidwiv e Pdlciidsy of anal og
image signals is inverted on a line-by-line (rowby--row) 25 basis, and
furtherz ianerted. ond avdi€dgedyaid edphbbiosd sacdbighc2Gade: The AC anal og
i mge signals output fromthe signal-line driving circuit 14 to the signa
| i nes dliGyrilalo fldd nfwasre tise gnisdisa f-ariree nirinainglicsipdayit 118 tiie kdheui d cryst al
di splay according to this enbodinent, in addition to the analog 5 i mage
si gnalsignale Sirgrml L6+ hetaridqimg Wigmwabhy the asienteutipat o ditduet al 1 mage
data for a still picture to the signal :
liquid crystal is controlled to change transmittance of
light, allowing display of images.
The signal-line driving circuit 14 outputs AC analog
image signals to the signal lines 16-1 to 16-m. The AC-
10 driven analog image signals herein refer to analog image
signals whose polarity is inverted at a cycle with respect
to a center at a common voltage VCOM (signal center) in
ordexr to avoid degradation in the resistivity (specific
resistance of a material), etc. of the liguid crystal due to
15 continuous application of DC voltages of the same polarity
to the ligquid crystal.
Driving by the AC-driven analog image signals can be
broadly classified into lF-inversion driving (1F refers to a
field period) and 1lH-inversion driving (1H refers to a
20 horizontal scanning period). In 1F-inversion driving, the
polarity of analog image signals is inverted when analog
image signals of a polarity have been written tb all the
pixels. In 1H-inversion driving, the polarity of analog

image signals is inverted on a line-by-line (row-by-row)

- 25  Dbasis, and further inverted on a field¥byffield basis.




limes 16-1 to 16-m [Pixel Circuits] Fig. 2 is a circuit diagram show ng an
exanpl e 10 configuration of a pixel circuit on an i-th ro®8aviakch2006 col um.

" The pixel circuit includes a liquid crystal cell 21, a hold capacitor 22,

a pixel-select switch 23, a data-wite switch 24, a nenory circuit 25, a
data-read buffer 26, and a data-read switch 27. 15 The liquid crystal cel
21 and the hold capacitor'22, wth first ends thereof commonly connected,
forma liquid crystal cell unit. To a second end of the liquid crystal
cell 21, the conmon voltage VCOMis gpplied, and to a second end of the
hol d capacitor 22, a voltage Cs. whose polarity is .20 inverted at a cycle
of 1.H (or IF) is applied. The pixel- select switch 23 has a first end
connected to the signal |ine 16-1 and a second end connected to the first
ends of the'hg it Readad alnagd |sonail QHe Hol fr dapdd tsgonzd - ke

pi xel -sele ct swtch 23 is driven by a scanning signal GATE 25 that ia
provi deELViagt herSehhnt Agtei hee15i9nad hWinee hhbetamter 2006 anal og i mage
signal to tﬂe liquid crystal cell unit. The data-wite switch 24 has a
first ThEP2oRnkLt ed T hedt7haY - | i R 4% - 1 1 AntF L6 E Y EhtPhnect ed to

an input termnal of the nenpry cirgcuit _ 25. The data-wite switch 24 5 is
dri vega%?/oﬁgw(?tgg conty o?m%?%ﬂ%/nﬁmdﬁ?‘ikﬁ%l?% Bt oi9el2 A% a data-write

08t 1 Olnd k0%, 2841 L0 W01 SL01 P MRORs 518 1800 Ty Cirouit 25,
outputs digital image data for a still picture to the signal
lines 16-1 to 16-m.

[Pixel Circuits]
Fig. 2 is a circuit diagram showing an example

10 configuration of a pixel circuit on an i;th row and i-th
column. The pixel circuit includes a liquid crystal cell 21,
a hold capacitor 22, a pixel-select switch 23, a data-write
switch 24, a memory circuit 25, a data-read buffer 26, and a
déta-read switch 27.

15 The ligquid crystal cell 21 and the hold capécitor‘22,

| with first ends thereof commonly connected, férm a liquid

crystal cell unit. To a second end of the liguid crystal
cell 21, the common Voltége VCOM is applied, and to a second
énd of the hold capacitor 22, a voltage Cs whose.polarity ié

20 inverted at a cycle 6f 1H (or 1F) is applied. The pixel-
select swifch 23 has a first end connected to the signal
line 16-1 and a second end cﬁnnected to the first ends of
the liquid cfystal'éell 21 and the hold capacitor 22. The
pixel—seleﬁt switch 23 is dfiven by a scanning signal_GATﬁ

25 that is provided via the scanning line 15-i to write an




witten to the menory circuit 25 (hereinafter also referred to sinply as
menory data) is read via the read buffer 26. 10 The dat a- 28adars200h 27 has
a first end connected to an output termnal of the read buffer 26 and a
second end - connected to the first ends of the liquid crystal cell 21 and
the hold capacitor 22. The data-read switch 27 is driven by a data-read
control signal drGATE that is provided 15 via a data-read control 1ine 29-
towite digital image data read fromthe nenory circuit 25 via the read
buffer 26 to the liquid crystal cel9 -unit. To the nenory circuit 25, a
power supply voltage VCCMEMis. fed via a power-supply control line 30-i.
20 Next, a specific exanple of the pixel circuit configured as described

above wiliobeifeseribed.y (& f5d PX§ ee%]%(ge%& tdeHl Qin IS @ circuit

di agram showi ng a first exanple of ircult. Referring to Fig. 3,

in the pixehlRLld-Giiile idwiadd] oo & he SearNGJniRetler i, the data 28
March 2006 - 10 wite control line 28-i, the data-read control |ine 29-i,

and t hgnPoegnSUPP] e COBU T Odnd i N8 3hd ehdfedrme- &l itd on ifRMi ding a
potential Cs having the sane polarity as that of the opposing el ectrode of

the | itpiinth w4y sd @l ticeltherddrd 4:0ppOSE NIE Voltag@)ataanriGse |dwieccdR2ia for

providing a potential XCs having a polarity opposite to that of the

. pobentisald:Gsyeransy aa negate-wermpower -sipplly dWerrEB3Hatf drs provided

| via a data-write control line 28-1i to write digital image
data to the memory circuit 25. The digital image data
written to the memory circuit 25 (hereinafter also referred
to simply as memory data) is read via the read buffer 26.

10 The data-read switch 27 has a first end connected to an
output terminal of the read buffer 26 and a second end
connected to the first ends of the liquid crystal cell 21
and the hold capacitor 22. The data-read switch 27 is
driven by a data—reéd control signal drGATE that is provided

15 wvia a data~read control line 29-i to write digital image
data read from the memory circuit 25 via the read buffer 26
to the liquid crystal cell unit. To the memory circuit 25,
a power supply voltage VCCMEM is fed via a power—supply
control line 30-1.

20 - Next, a specific example of the pixel circuit
configured as described above will be described.

(First example.Circuit) |
Fig; 3 is a circuit diagram showing a first example of
the pixel qircuit. Referring to Fig. 3, in the pixel

25 circuit, iﬁ addition to the scanning line 15-i, the data-




feeding a negative power-supply voltage VSS to the nmenory circuit 25 are
wi-red on a row by-row basis. 10 The pi xel -sel ect sw tch 238Martinpdtsnent ed
by a NchTFT (hereinafter referred to as a pixel-select TFT) Onl having a
gate connected to the scanning line 15-i, a source connected to the signal
line 16-i, and-a drain connected to the first ends of the liquid crystal
cell 21 and the hold capacitor 22. 15 The data-wite switch 24 is
i npl enented by a NchTFT (hereinafter referred to as a data-wite TFT) n2
having a gate connected to the dét? wite control line 28-i and a source
connected to the signal line 16-i. Re menory circuit 25 is an SRAM f or ned
of afirst 20 inverter inplemented by a PchTFT ol and an NchTFT O3
connected in series between the povver-supplgl control line 30-i and the
negat i wel powernisupbl ying n28-38, |t ddzi Trpd gerEsr Toroif ¥ X onnected, and a
second inverter simlarl i npl emented by a PchTFT 2 and an NchTFT Qn4
connecard the ww#wmév@@htltqﬂe beoveri&tbply Contrt lide Wi and the
- 28 March 2006 - 11 negative-power-supply line 33-i and havin gﬁes
comoitEevidiect b teherel Camaning e are drolghe ot "’lsnetqa%v ers is
connected to an out put node N2 of the other inverter n%z} an i nput node N3

of thethft IRPPITAF (eGPt t BH S FutHw! of the one of the
data. r GRPHATE S A9 b oy T NP ey ¥ e TTT e e
potential XCs having a polafity opposite to that of the
potential Cs, aﬁd a negative-power-supply line 33~i for
feeding a negative power-supply voltage VSS to the memory
circuit 25 are wired on a row-by-row basis.

10 | The pixel-select switch 23 is implemented by a NchTFT
(hereinafter referred to as a pixel-select TFT) Onl having a
gate connected to the scanning line 15—i, a source connected
to the‘signal line 16-1i, and a drain connected to the first
ends of the liquid,crystai cell 21 and the hold capacitor 22.

15 The data-write switch 24 is implemented by a NChTFT
(hereinafter referred to as a data-write TFT) QOn2 having a

‘gate connected‘fo the data-write control line 28-1i and a
soufce connected to the éignal linerlG—i.
The memory circuit 25 is an SRAM formed of a first

20 inverter implemented by a PchTFT Qpl and an NchTFT Qn3
‘connected 1in series between the power—supply cohtrol linér
30-1 and‘the!negative*power¥supply line 33-1 and having
gates commonly conﬁected, and a second inverter similarly
implemented by a PchTFT QOp2 and an NchTFT Qnd cqnnected iﬁ

25 series between the power-supply control line 30-1 and the




having a gate connected to the output node N2 of the nenory circuit 25 and
a source connected to the Cs line 31-i, and 10 an NchTFT (Zsavisichaboer
referred to as a data-read TFT) Qn6 having a gate connected to the other
out put node N4 of the nenory circuit 25 and a source connected to the XCs
line 32- i, with the drains of the transistors 5 and Qn6 conmonly
connected. 15 The data-read switch 27 is inplenented by an NchTFT
(hereinafter referred to as a data-read TFT) Qn7 having a gate connected
to the data-read control signal 29-iL1 a source connected to a conmon node

between the drains of the transistors Qn5 and 6, and a drain connected
to the first 20 ends of the liquid crystal cell 21 and the hoId capaci tor

QACt s i Is ﬂﬁ§ nely, TFTs
t2l %M%& %147% g}ﬂdtﬁ%vé res (sflarre Y, canni ng line
15-i c%xﬂﬂ@teld N&yHdrd s Ad) an M trf‘oc?eorﬁlr Qe ldme 02@ “the d3hAnf&a4 control
S|gnal 29-1, 25 power-supply control 1ine 30-1, ltne 31-1, XCs |ine

321, 128 Mt 20065 AR o thegatd e Whesme%_ iR 3% JandNext

operations of the first exanple of the pixel circuit, configured as

descrihed rghayeodd IN3 ker descrddied: ddyteaf arenemine tddnidg eharts shown
in Figs. 4to 6. Fig. 54 is atimng chart for witing of an anal og i nage

si gnalodtputt hedd qui dbrytsd alnecell Hhd tinverters i S Thd iifpG ehard for
witing of digital inmage data to the nenory circuit 25. Fig.
N1 is connected to the drain of the TFT Qn2.

The data-read buffer 26 is implemented by an NchTFT QOnb
having a gate connected to the output node N2 of the memory
circuit 25 and a source connected to the Cs line 31-i, and

10 én NchTFT {hereinafter referred to as ardata~read TFT) Qné
having a gate connected to the other output node N4 of the
memory cixcuit 25 and a source connected to the XCs line 32—
i, with the drains of the transistors QOn5 and Qné commonly
cpnnected-

15 The data-read switch 27 is implemented by an NchTFT
{hereinafter referred tc as a data—-read TFT) On7 having a
g%te connected to the data-read control signal 29-i, a
source connected to a common node between the drains of the
transistors OnS and Qné, and a drain connected to the first

20 ends of the liquid crystal cell 21 and the hold capacitor 22.

| Thus,'éach of the pixel circuits has nine transistors
(namely, - TFTs Qpl and Qp2, and TFTs QOnl to Qn7); and eight
‘wires (namely, scanhingrline 15-i, signal line 16-~i, data-—
write control line 28—i,_datafread control signal 29-i,

- 25 powerwsupply control line 30~i, Cs line 31-i, XCs line 32-i,




6 s atimng chart for reading of digital inage.data from the nenory
circuit 25. 10 First, an operation for witing an anal og i28aderch2gd@l  will
~be described with reference to the timng chart shown in Fig. 4. During
this wite operation, the scanning signal GATE is set to high level (VDD
| evel ). Accordingly, the pixel-select TFT nl is turned on, so that an
anal og image 15 signal fed fromthe signal-line driving circuit 14 (refer
to Fig. 1) viathe signal line 16-i is witten via the pixel- select TFT
Ol to the liquid crystal cell unit formed of the Iliquid crystal cell 21
and the hold capacitor 22. At this time, the data-read control signa

dr GATE and .20 the data-wite control signal dwGATE are both set to | ow

| evel (VSS level), whereby the data-read TFT On7 and the data-wite TFT
Q2 ardrporpgrbivedPeofer—TeRRLY i hiRR datd)is not witten to the nenory
circuit 25 or read fromthe menmory circuit 25. The positive power-supply
vol t age VCEWEM 4 £Rsgtatizng @ivibhg diigist A amiéh fodd e PExeiNext, an
operation for witing digital imge data will be described with reference
to the"tifthl cFRPELSMotn 3 FFIFTLBd RPPRG t'ht ! S tEEpet®Edon, the

. scanning signal GATE is  set to low level (VSS |evel), whereby_fhe

~ pi xel -"%Jgt_rl?ecge BENEC i SRR ed T §S SIJ‘P%W,g W Hdor rhte ién' ng of - pi xel
'selectjon, the . data-wite control signal dWGATE is set to. . hi | evel (VDD
Ie\l‘:/’el )4. fccaor%lrr%l?%/,gg%ret a?ra-"(/\]frlﬁlen#ﬁ} Gy ana-og thage SRLS

the liquid crystal cell unit. Fig. 5 is a timing chart for
writing of digital image data to the memory circuit 25. Fig.
6 is a timing chart for reading of digital image data from
the memory circuit 25.

10 First, an operation for writing an analog image signal
will be desc£ibed with reference to the timing chart shown
in Fig. 4. During this write operation, the sbanning signal
GATE is set to high_level (VDD level). Accordingly, the
pixel—seléct TFT Qnl is turned on, so that an analog image

15 signal fed from the signal-line driving circuit 14 (refer to
Fig. 1) via the signal line 16-i is written via the pixel—
select TFT Qnl to the liguid crystal cell unit formed of the
liguid crystal cell 21 aﬁd the hold capacitor 22.

At this time, the data-read control signal drGATE and

20 the dafa—writejcontrol signal dwGATE are hoth set to low
level (VS8S level), wheréby the data-read TFT On7-and the
data-write TFT On2 are both turned off. ~Thus, image data is
not written to the ﬁemory circuit 25 or read from the memory
circuit 25. The positive power—supplyrvoltage-VCCMEM is éet

25  to VDD level.




is"turned on, so that digital inage data fed fromthe signal-line driving
circuit 14 via the signal line 16-i is 10 witten to the 8mi4ryh2006cuit 25
viathe data-wite TFT On2. The digital inage data is inmage data of a

still picture, for exanple, a one-bit signal. The data wite operation
" uses a sequence in which the positive power-supply voltage VCCMEM on the
power -supply 15 control line 30-i of the nmenory circuit (SRAM 25 is once

| owered froma panel-circuitry driving voltage at VDD |l evel to the
potential of the signal line 16-1"at3VCC level, and raised back to VDD

| evel after data has been witten to the nenory circuit 25. By using this
sequence, VDD level is 20 used as a nenory-hol ding voltage, so that -a | arge

margin is yprovi ded ggakrsbyf leeet yatikengouibheahi keagssaciat ed1ai th the
opposi ng vol tage when data is held in the nmenory circuit 25. To descri be

the seQUeNCe #iLdPre et fbferd e EXaMPhe, timbsyintNgrthahotvhe ianpligt ude
(VSS-VCC) of the image data fed 25 fromthe signal line 16-i is OV-3V, if

the impge Matiand SHils 38 N WJpediifion 14 heheldthriniridhes inpralr YGATE Citd t 25 Wi th
that anplitude, i.e., wth VSS = OV and VCCMEM = 3V, the polarity of the
dat a heltd td Sdwnventead (fsg Hewepiposivig nadivt e flivctlustelssctFAFR hi s
reason, if the data is held. in the nmemory circuit 25 with an 5 anplitude
| abgergrtihais ttherrsnpldfifude Tfert hetdat aomnialt drimifngr ofexaiiitle, with Ov-7V
(VDD I evel), a large margin is provided .
selection, the data-write control signal dwGATE 1s set to
high level (VDD 1evel).' Accordingly, the data-write TFT QnZ
is turned on, so that digital image data fed from the
signal-line driving circuit 14 via the signal line 16-1 is
10 written to the memory circuit 25 via the data-write TFT Qn2Z.
The digital image data is image data of a still picture, for
example,.a one-bit signal.
The data write operation uses a seqguence in which the
positive power-supply voltagé VCCMEM on the power-supply
15 control line 30-i of the memory circuit (SRAM} 25 is once
lowered from a panel—-circuitry driving voltage at VDD level
to the potential of the signal line 16-~I at VCC level, and
raised back to VDD level after data has been written to the
memory circuit 25. By using this sequence, VDD level is
20 used as a memory—holding voltage, so that a large margin is
provided against fluctuation or the like associated with the
opposing voltage when data is held in the memory circuit 25.
To describe the sequence in more detail, for example,

assuming that the amplitude (VSS*VCC) of the image data fed

25 from the signal line 16-i is OV-3V, if the image data is




~for holding data against fluctuation or the like associated wth the
opposite voltage. However, if the positive power-supply VQBm@geh2@£WENIof,
10 the nenory circuit 25 is maintained at VDD level (7V), letting.a
threshold voltage of the TFTs forming the memory circuit 25 be denoted by
Vth, inmage data having an anplitude not greater than V-Vth cannot be
~witten to the menory circuit 25. Thus, when inmage data of 0-3 Vis
witten, the 15 positive power-supply voltage VCCVMEM i s once | owered from
VDD | evel (7V) to VCC level (3V).- Aacordingly, image data of 0-3 Vis
input to the menmory circuit 25 with VSS = OV and VCCMEM = 3V, allow ng the
image data to be witten at that instance 20, Wen the i mage data has

been witten, the positive ome ol tage t dt
| evel hedg lﬁhébetﬁﬁmaﬁylFﬂaﬁ 18f Qghaﬁéaﬁa?gpw% t'ten |:egﬁff?;§ frgnyDD

VSS- VCC t o VSS- a | h

FEEDerEPrgﬁft ZgD QPQh&Fﬁgﬁg Fab ;eﬁargp %gl%gaggsghglQ%Faggkgﬁggrl?hghe
I ke assoQci a e _oppo 5

digi taF FHEGETE R e %ﬁglﬁgggﬁteélrcﬁ?#tgggsth!hggt;hsead

contr ol si nal, T se to wh
t he dafac® régdtgAfgeﬁ 'S %S?ﬁeghg@hgi§§%gkpnkg§CGgﬁaggHg§$§|?g reagreby

5 amplitude larger than the amplitude of the data written, for
example, with OV-7V (VDD level), a large margin is provided
for holding data against fluctuation or the like associated
with the opposite voltage.

However, if the positive power—supply voltage VCCMEM of

- 10 the memory circuit 25 is maintained at VDD level (7V),

letting a threshold voltage of the TFTs forming the memory

circuit 25 be denoted by Vth, image data having an amplitude
'_not greater than V-Vth cannot be written to the memory

circuit 25. Thus, when image data of 0-3 V is written, the

15 positive power—-supply voltage VCCMEM is once lowered from

VDD level (7V) to VCC level (3V). Accordingly, image data
of 0-3 V is input to the memory circuit 25 with VSS = 0V and
VCCMEM = 3v, allowing the image data to be written at that
instance. |

20 - When the'image data has been written, the positive

power—suppiy voltage VCCMEM is restored to VDD_level, 50
that the amplitude of the image data written is shifted from
VSS-VCC to VSS*VDD.‘ That is, VDD level is used as a holding
voltage in the memory circuit. 25, allowing a iarge margin

25 against fluctuation or the like associated with the opposing




fromthe nenory circuit 25 via the data-read buffer (05 and O6) 26, and
then witten to the liquid crystal cell unit via the datagnadhZ606 Qn7 in
the formof a pixel potential. Now, operation of the data-read TFT On7 w ||
be 10 descri bed. Wen the data-read TFT n7 is turned on, imge data held
in the menory circuit 25 is read via the data-read buffer 26. At this
time, the inage data is stored in the nenory circuit 25 either at high (H)
| evel or at low (L) level. 15 Thus, the data-read buffer (15 and Qn6) 26
converts the inmage data read from tie Tenmory circuit 25 into the

potential Cs or XCs, the polarity being changed at a cycle of 1H (or 1F),
and the constant potential is witten to the liquid crystal cell unit via

t he daveiread.TFT On7 as a 20 pi xel potential. This allows an operation
with the timng of 1H inversion (or 1F inversion). Wen the data has been

witten, thehaateheedtyTEdl Quiades dardeacth Offcetansi fBe@NtoOPRA State
(hi gh-i npedance state) between the output termnal of the data-read buffer
26 andmemeryi quicdutty8bal tR6 deth-uehll. c2B8tMaLchbigdlfd drtBTEBY susi ng the
above sequence, a display by witing an analog signal in, for exanple, 260
t housaRftcéPorsglisigvebi in) thadnaxdi Pl pyrbydw whengbpenneyddaka i n ei ght
colors (one bit) can be conbined in a single screen. Thus, in a .5 parti al
di spl afSABdEFT nOWhi &h BuFeed orni n R¢ghrdingbys image data is read
from the memory circuit 25 via the data-read buffer (On5 énd
Qné6) 26, and then written to the liquid crystal cell unit
via the data-read TFT On7 in the form of a pixel potential.
Now, operation of the data-read TFT On7 wili be
10 described. When the data-read TFT On7 is turned on, imags
data held in the memory circuit 25 is read via the data-read
buffer 26. At this time, the image data is stored in the
memory circuit 25 either at high (H) level or at low (L)
level, |
15 | Thus, the data-read buffer (Qn5 and QOné) 26 converts
the image data read from the memory circuit 25 into the
potential Cs or ¥XCs, the poiarity_being changed at a cvcle
of 1H (or 1F), and the constant potential is written to the
liquid crystal cell unit via the data-read TFT On7 as a
20. pixel potential. This allows an operatidn with the timing
of iH inversion (or 1F inversion). When the data has been
written, the data-read TFT QOn7 is turned off, céusing an
open stafe (high—-impedance state) between the output
terminal of the data-read buffér726 and the liquid crystal

. 25 cell unit.




anal og éignal has hitherto been displayed in white, a still picture in
ei ght. colors can be displayed based on nenory data. Furt »grvadck2006e
menory circuit 25 elimnates the need of charging and di scharging .the-

signal lines 16-1 to 10 16-meach tine a still picture is displayed,
serving to reduce power consunption. Wien an anal og i nage signal has been
witten to the liquid crystal cell unit, usually, the pixel-select TFT nl

is off. Thus, if the polarity of the combpn voltage VCOMis 15 .inverted at
a cycle of 1H (or 1F), the pixel ppggp[jal changes accordi ngly. Wen
digital inage data. held in the nmenory circuit 25 (nmenory data) is witten
to the liquid crystal cell unit, assumng that the data-read TFT Q7 is
absent, the first ends of the liquid crystal cell 21 and the 20 hold
capacitor By arsinpneectadtovo sdgupotentd allssiCsannoy XOsitabgl aw i npedances.
Thus, in a display based on nenory data, even if the polarity of the
comon2ydl pdgel YoM thanfes arxampigc| 866f thpusgnd ¢Florshdspikxel potenti al
does not change, in contrast to 25 the case of witing an analog inage

si gnal P1 ¥Rl saR@af cat esleg Wer¢hibbog mengry daste iheeeeghhoaolekrtage VOOM
that serves as a siqgal center differs between a disglay based on an

anal og{?PagRt &l gral PangeraPiRedl By dasbedbe AERORY- dafBusStnidoAtrast, in

L A0 E EXRTR &, £h) Gibde NP o S L8RS TET QnlScBIQYLgg ,and the
analog signal has hitherto been displayed in white, a sfill
picture in eight colors can be displayed based on memory
data. Furthermore, the memory circuit 25 eliminates the
need of charging and discharging the signal lines 16-1 to

10 16—m each time a stili picture is displayed, serving to
reduce power consumption.

When an analog image signal has been written to the
liguid crystal cell ﬁnit, usualiy, the pixel-select TFT Qﬁl
is off. Thus, if the polarity of the common voltage VCOM is

15 inverted at a cycle of 1H (or 1F), the pixel_potential
changes accordingly. When digital image data held in‘the
memory circuit 25 (memory data) is written to therliquid
crystal cell unit, assuming that the data-read TFT Qn7 is
absent, the first ends of the liguid crystal cell 21 and the

20 hold capacitor 22 are connected to the potentials Cs and XCs

. at low impedanées. | |

Thus, in a display based on memory data, even if the
polarity of the common voltage VCOM changes at a cycle of 1H
{cxr 1F), the pixel potential does not change, in contrast’to

25 the case of writing an analog image signal. This inaicates




turned off when menory data has been witten to the liquid crystal cel
unit, causing a high-inpedance state between the liquid Q8Wieh208 | unit
and the potentials Cs and XCs. Accordingly, in a display based on.nenory
data as well as a 10 display based on an anal og i mage signal, the pixe
potential changes in synchronization with inversion of the polarity of

t he comon voltage VCOM Thus, the common vol tage VCOM does not differ

bet ween a di spl ay based on an anal og i mage signal and a display based on
menory data. 15 As described above, li7n-the pixel circuit including the
menory circuit 25, separate paths are provided for witing inage data to
the menory circuit 25 fromthe signal line 16- i and for reading i mage data

out O hIE TRIDCBLLCUL Y23, 09 ey LWL dochuohal ophl uohLyand when

data i S'rea nmor

Accordaﬂgggrstﬁstﬁéégcg [o508y Phasbapghent 2., 90t 5. at by he merory

circult IS renove nmenory ta1s ei ng

modi fi gdqdyegs Cln JOHS rge margin is provided for the TFTs
formng the %I§% Q%Sb%%%%u§? %H ar %£%006 - 18 Although the first

exanpl e of theqigls€i eHidhdabhoReen deod ibadd i t he,coptext of an

~exanpl e where one pi xel ~circuit includes one menory circuit 25 and an
i mege basedron g anabegy Sdanal adeed daBgerbagedronoARNpsy data are

'dlsplayed in conmbination, the arrangenent may be such that a
turned off when memory data has been written to the liquid
crystal cell unit, causing a high-impedance state between
the liqguid crystal cell unit and the potentials Cs and XCs.
Accordingly, in a display based on memory data as well as a

10 display based on.an analog image signal, the pixel potential
changes in synchronization with inversion of the polarity of
the common voltage VCOM. Thus, tﬁe common voltagé VCOM does
not differ between a display based on an analog image signal
and a display based on mémory data.

15 As described above, in the pixel circuit including . the

- memory circuit 25, separate paths are provided for writing
image data to the memory circuit 25 from the signal line 16~
i and for reading image data out of the memory circuit 25
into the liguid crystalrcell unit, and when data is read,

20 memory data is read via the data-read buffer 26.
Accordingly, the effect of the pixel potential‘on the data
in the memory circuit 25 1s removed, so. that mémory data is
prevented from being modified due to the effect. Thus, a
large margin is provided for the TFTs forming the pixel

25 circuit.




single pixel is divided into n regions and nenory circuits are provided
for the respective regions to allow n-bit nulti-scale di 9phatch Bosgever, if
the first exanple of the pixel circuit, i.e., the pixel circuit having
nine 10 transistors and eight wires, is used for each of the n bits, the
circuitry scale becones-very large particularly due to the |arge nunber of
transistors. As a counterneasure against the above problem a second
exanple circuit will be described below 15 (Second Exanple Grcuit) Fig.
7 is a circuit diagram show ng a_SQSfQQ exanple of the pixel circuit. The
exanple circuit is a configuration Tor one bit in a pixel circuit having
menory. circuits for n bits as described above. In the second exanpl e of
the pixel 20 circuit, as opposed to the first exanple of the pixel «circuit
in which am thegeh basedf bnsanceamaphbg Ofagbespgngl canduan hAtige based on
menory data are displayed in conbination, only an inmage based on nenory
dat a beedi dpkayébded Ihu&hetheanxél0§eb@cﬁxﬁmphgﬂwﬂﬁﬂe\mﬂQiRﬁ}%%lanalog
i mage 25 signal is not needed. Furthernore, as is apparent fromthe 28
Mar chc2008it ifclogesatinenmeforiiecdaraite2d PIF GF 0SS FeE%es ier, the
data-read TFT On7 for matching of the common voltage VCOM can be onmitted.
That £s5, 2a8lpg apparénentr éf AMBERPRASSEN BelMREEOTY KR Gifel circuit shown
in Fig;-s and the pixel circuit shown in
5 isplayed in combination, the arrangement may be such that a

single pixel is divided into n régions and memory circuits

are provided for the respective regions to allow n-bit

multi-scale display. However, if the first example of the

pixel circuit, i.e., the pixel circuit having nine
10 transistors and éight wires, is used for each of the n bits,

the circuitry scale becomes very large particularly dge to

the large number of transistors. As a countermeasure

against the above problem, a second example circuit will be
described below.

15 (Second Example Circuit)

Fig. 7 is a circuit diagram showing a sepond example of
.the pixel circuit. The example circuit 1s a configuration
for one bit in a pixel circuit having memory circuits for n
bkits as deséribed above. In the second example of the pixel

20 circuit, as opposed to the first example of the pixel
| circuit in which an image based on an analog image signal

and an image based on memory data are'diSplayed in
combination, only én image based on memory data is diéplayed.
Thus, the pixel-select TFT Qnl for writing an analog imagé

25 signal is not needed. Furthermore, as is apparent from the




Fig. 7, two transistors and two wires can be onitted for one bit. Thus,
assuming a pixel circuit having nmenory circuits for. n bi28Maohpaded wth
a case where the pixel circuit shown in Fig. 3 is used, in which 8 x n
transistors are 10 required, in a case where the pixel circuit shown in
Fig. 7 is used, 6 x n transistors suffice, allow ng considerable

reduction in the scale of pixel circuits. [Vertical Driving System A
vertical driving systemfor selectively driving the 15 pixels (pixel
circuits) in the pixel region 11 onl& row by- row basis includes the first
vertical driving circuit 12 and the second vertical driving circuit 13, as
is apparent from Fig. 1_ Each of the vertical driving circuits 12 and 13

is ingghargeoRf o fr Nk ngatiorOfatherfony Mbsesinbqat Berpixel 2Qecircuit

shown in Fig. 2, namely, the scanning line 15-i, the data-wite control
line 28ata-+88qdaka-6eAdtEPMMAOEnLhHC2O¢hE, camflohhgopEYEE -SopRl y control
line 30-i. More specifically, the first vertical driving circuit 12 is in

chargecgh dei yhgrée scanning line 15-i and the data-read 25 control line
29-i, and the second vertical driving circuit 28 Mairch 2006 - 20 13 is in
charge of drhiaa ngs t hes dat appertes: tcatamla |dagp28edon andovdrn pdwer - suppl y
control line 30-i. Specific circuit configurations of the first vertical
drisvi ngixet coitcd 2t asltbwii hisn sSeiopnd3 vendi tla¢ dikel ngicéwcti shd@nwihl be
descri bed 5 bel ow. _
Fig. 7, two transistors and two wires can be omitted for one
bit. Thus, assuming a pixel circuilt having memory circuits
for n bits, compared with a case where the pixel circuit
shown in Fig. 3 is used, in which 8 X n transistors are
10 © required, in a case where the pixel circuit shown in Fig. 7
is used, 6 X n transistors suffice, allowing considerable
reduction in the scale of pixel circuits.
[Vertical Driving System]
A vertical driving system for selectively driving the
15 pixels ({pixel circuits) in the pixel region 11 on a row-by-
row basis includes the first vertical driving circuit 12 aﬁd
the second vertical driving circuit 13, as is apparent from
_Fig. 1. Each of the vertical driving circuits 12 and 13 is
in charge of driving two of the four wires of the p;xel
20 circuit shown in Fig. 2, namely, the scanning line 15+i; thg
data-write control line 28-i, the data-read control line 29-
i, and the power—-supply control line 30-i. Mofe
specifically, the first vertical driving circuit_l2_is in
charge of driving the scanning line 15-i and the data-read

25 control line 29-i, and the second vertical driving circuit




(Fisrst Vertical Driving Crcuit 12) Fig. 8 is a block diagram show ng an
exanple circuit configuration of the first vertical.driviogoMgtch 2o08 12.
For sinplicity of the figure, the configuration of circuit 10 portions of
the i-th and (i+l)-th rows are shown, and the circuit configuration will
be described bel ow, by way of exanple, only in relation to a circuit
portion 12-i of the i-th row D flip-flops (D-FFs) 41 are disposed in
one-to-one 15 association with the respective rows. The D-FFs 41 of the
respective rows are cascaded vvith_e?%h_ot her, formng a shift register
that transfers a pulse transferred froma- .previous stage to a subsequent
stage in synchronization with clocks CLK and XCLK having nutual |y opposite
phases. A 2.0 pulse before transfer, input to the D-FF 41, and a pul se
after 13 ahsfinr clourpatof rém vhey D-E ddtaaveitedcentaolgaine428as two

i nputs thereof. NAND The output of the NAND-gate 42, after being inverted
by. andnvies tRAWrs; surpedentonk- bine ha0thput SeeeiLacNANDCgate 25 44. To
the other inp ut of the NAND gate 44, an enable 28 March 2006 - 21 signal
ENB cotRhldnsadet as tHe sl 155 eterfheabudplit 199 CHheUANANE? gaké 44, after
being inverted by an inverter 45, is fed to one of the inputs of a NAND

gate 48 RPIMY otsiericaln il BING e NAND ghi @76 e niferyiiada
regd- cboenforwo.l si gnal :
(First Vertical Driving Circuit 12)

Fig; 8 is a block diagram showing an example circuit
configuration of the first vertical driving circuit 12. For
simplicity of the figure, the configuration of circuit

10 poxtions bf fhe i-th and (i+1)-th rows are shown, and the
circuit configuration will be described below,.by wéy of
example, only in relation to a circuit'?ortion 12-i of the
i-th row. |

D flip-flops (D-FFs) 41 are disposed in one-to-one

15 association with the respective rows. The D-FFs 41 of the

respective rows are cascaded with each other, forming a

T

shift register that transfers a pulse transferred from a
previous stage to a subsequent stage in syhchroniiation with
" clocks CLK and XCLK having mutually opposite phases. A
20 pulse before transfer, input to the D-FF 41, and a pulse
after transféf, output from the D-FF 41, are fed to a NAND
gate 42 as two inputs therecf. |
The output of £he NAND- gate 42, after being inverted by.
an inverter’éS, is fed to one-of the inputs of a NAND gaté

25 44. To the other input of the NAND gate 44, an enable.




1

-secon

5 MEML commonly fed to the rows, after being inverted by an inverter 47,
is fed. The output of the NAND gate 46, after being. i nverigedadel 2606
inverter 48, is fed to the scanning line 15-i shown in Fig. 2 via.a buffer
49 as the scanning signal GATE. 10 A NAND gate 50 has two inputs, nanely,
a nenory-data read-control signal MEM2 commonly fed to the rows, and the

‘output of the inverter. 45 on the next row ((i+1)--th row). The output of

the NAND gate 50, after being inverted by an inverter 51, is fed to one of

~the inputs of a NOR gate 52. 15 Te 2he-other input of the NOR gate 52, a

control signal (VSS level) dron coomonly fed to the rows is fed. The
output of the NOR gate 52, after being inverted by an inverter 53, is fed

to the .data- |, 14 9 i.n .Fj [ f 4. th

dgt a- rese]L agloL r olccogﬁ@%o;?a Y cﬁrég\é %Ozl%é&c%nldé %Feer(%"l \églan%roll%%r%teéffcui ? 513) ©

Fig . di . . hath . . ti F1h
'9 Hvez rntﬁz}@aﬁﬂ(}e | 20T aé@@lo%él%éﬁ ﬁgger%{écf tﬁ%aa[’r’P fhy 7 g4 alilon o e

. ( ( ri-ving circuit sinpliicity of the fidure., only
Ci r cUide PO IS A 4R 5 dpsddl TV AN diict e th Fpwuar @1$hqwn, and the
circuit 25 configuration will be described bel ow, by way of exanple, 28
Mar ch s 024 hOND {@l ald on hRenR Gi-IGd RAE- Q31 Qfgnthe i-th
row. D-FFs 61 are disposed in one-to-one association wwth the respective
rogs. Mite Rdmneril ded he respPechisve WS e assadadadih agach ot her,
formng a shift register that

inverter 47, is fed. The output of the NAND gate 46, after

being inverted by an inverter 48, is fed to the scanning
line 15-i shown in Fig. 2 via a buffer 49 as the scanning

signal GATE.

- 10 A NAND gate 50 has two inputs, namely, & memory-data

- read-control signal MEMZ commonly fed to the rows, and the
output of the inverter 45 on the next row ((i+l)-th row).
The output of the NAND gate 50, after being inverted by an
A invertér 51, is fed to one of the inputs of a NOR gate 52.
15 To the cther input of the NOR gate 52, a control signal (VSS
level) dron commonly fed to the rows is fed. The output of
the NOR gate-SZ, after being inverted by an inverter 53, is
fed to the data—-read control line 29 shown in Fig. 2 via a
buffer 54 as the data-read control signal drGATE.
20 (Second Vertical Driving Circult 13)
Fig. 9 is a block diagrém showiné a specific example
configuration of the second vertical driving cifcuit i3.
For simplicity of the figure., oﬁly circuit portions of the
ifth row and the (i+1)-th rdw_are shown, and the circuit

25 configuration will be described below, by way of eiample,

%




5 transfers a pulse transferred froma previous stage to a subsequent
stage in synchronization with clocks CLK and XCLK havi ng 28uNaeh Rgo®pposi t e
phases. A pul se before transfer, input to the D-FF 61, and a pul se aft'er
transfer, output fromthe D-FF 61, are fed to a NAND gate 62 as two inputs
10 thereof. The output of the NAND gate 62, after being inverted by an
inverter 63, is fed to one of the inputs of each of NAND gates 64 and 65.
To the other input of the NAND gate 64, an enable signal ENB commonly fed
to the rows is fed. The 15 output of,4he NAND gate 64, after being inverted
by an inverter 66, is fed to one of the inputs of a NAND gate 67. To the
ot her inputs of the NAND. gates 65 and 67, a nenory- data wite-control
signal WE commonly fed to the rows is fed. The output of the NAND gate 65

i s usedndy inerSEFL{Sp te0ai npurudf RRrRi®f |L3p-if lodp th, iaridh afower being
inverted by an inverter 69, it is fed to one of the inputs of a. NAND gate
70. The othnEF%ﬁ6%rﬁ$¢M¢Eﬁ@®§%d6?“s@@?eEOaQD@néS@@C%hélonnﬁmth of a NAND
gate 71, and after being inverted inverter 72, it is used as the
RESET 9§ Fﬂﬁaf—’CBW?héORSS 2Bhe| PpF¥F’06168f the mspﬁtctéwet HEWRAND gate 67
is also fed to - e data-wite control line 28-i shown in Fig. 2 via a
buf f er2%% %S?ﬂ%eaawatvw pEENCBRPREY §P§W&P9dﬁeﬁ*rEftTﬁ§%&f:§m thatthe RS

fI%p f+ %5&%5 fed i ower. - switch 74 as a_ _selection signal. for
elbot THEPTREFS T Bt o aFa-ar FEFEB8) Ao dePEed By Saf trGorPer 75, 11 i s
fed subsequent stage in synchronization with clocks CLK and XCLK
héving mutually opposite phases. A pulse before transfer,
' input to the D-FF 61, and a pulse after transfer, output
from the D-FF 61, are fed to a NAND gate 62 as two inputs
10 thereof. ;
The output of the NAND gate 62, after being inverted by
an inverter 63, i1s fed to one of the inputs of each of NAND
gates 64 and 65. To the other input of the NAND gate 64, an o

enable signal ENB commonly fed to the rows is fed. The

15 output of the NAND gate 64, after being inverted by an

inverter 66, is fed to one of the inputs of a NAND gafe 67.
To the other inputs of the NAND gates 65 and 67, a:memory—
data write-—control signai WE commonly fed to- the fows is fed.
The output of the NAND gate 65 is used as the SET (S)
20 input of an R-S flip-flop 68,'and after being invertéd'by an
invgrter €62, it i1s fed to one of the iﬁputs of a NAND gate
70. The ocutput of the NAND gate 67 serves as one of the
inputs-of a NAND gate 71, and after being inverted by an
inverter 72, it is used as the RESET (R) input of £he_R—S’:

25 flip-flop 68. The output of the NAND gate 67 is also fed to




to' the power-supply swtch 74 as a selection signal for selecting VCC

|l evel and is also fed to the other input of the NAND gat @8MarcfiReogut put
of the NAND gate 71 is fed to the other input of the NAND gate 70.. The
output of the NAND 10 gate .70, after being inverted by an inverter 76, is
fed to the power-supply control line 30-i showmn in Fig. 2 via a buffer 77
as the positive power-supply voltage VCCMEM To the buffer 77, a positive
power - supply voltage at VDD level is fed, and VCC | evel or G\D (VSS) |evel
is 15 selectively supplied according3to sw tching by the power- supply
switch 74. Thus, the positive power-supply voltage VCCMEM fed to the

power -supply control line 30-i selectively. takes on the three |evels,

namel yy, VAR Levsls Ve vl ;180d 26\D VRR) d:evely. 20 Nexts operations of

the first vertical driving circuit 12 and the second vertical driving

Ci r cuiy 3 iyl he rrdesardbed wd hdefenenced0 tdwdang: charts shown in
Figs. 10 to 12. Fig. 10 is a timng chart for witing of an analog 25

si gnal overnthgueptitr e £seheer-isn ran pafalopy-68i gsalfedi spl aypa@elhr ch 2006 - -
2 4 {GATE(i+1) to GATE(i+5)}. Fig. 11 is a timng chart for holding of

MEeNnDr gughphld iskridceon ned dissplayiofn angnel dpr sejraltidicsgiay {up to
GATE(i +1), and from GATE(i +5)} and a nenory-data display {GATE(i+2) to
GATE( il ed)k)., Bngl ak2ers keind iimvey whatty faor iwnigdteg ofS nmdrtorys d&da in a
conbi ned
' to the power—-supply switch 74 as a selection signal for
selecting VCC level and is also fed to the other input of
the NAND gate 71. The output of the NAND gate 71 is fed to
the other input of fhe NAND gate 70. The output of the NAND
10 gate 70, after being inverted by an inverter 76, is fed to
the power-supply control line 30-i shown in Fig. 2 via a
buffer 77 as the positive power-supply voltage VCCMEM.
To the buffer 77, a positive power-supply voltage at
VDD level is fed, and VCC level or GND (VS8S) level is
15 selectively supplied according to switching by the power-—
supply switch 74. Thus, the positive power-supply voltage
VCCMEM fed to the power-supply control line 30-1i selectively 
‘takes on the three_levéls, namely, VDD level, VCC level, and_
GND (VSS) level.
20 - Next, operations of the first vertical driving ciréﬁit
12 and the second vertical driving circuit 13 will be
described with reference to timing charts showﬁ in Figs. 1Q
to 12,

Fig. 10 is a timing chart for writing of an analog

25 signal over the entire screen in an analog—signal display

<



di spl ay of an anal og-signal display {up to GATE(i+1), and from GATE(i +5)}
and a nenory-data display {GATE(i +2) to GATE (i+4))- . Fi pg8tMarein2@)ger ati on
for witing an analog signal will 10 be described with reference to the
timng chart shown in Fig. 10. The nmenory-data read-control signals MEML
and MEM2 and the nenory-data wite control signal WE are all set to low’

| evel -(hereinafter referred to as "L" level). Accordingly, the first
vertical driving circuit 12 sequentially outputs 15 scanning signals GATE
in synchronization with shift operajjons (transfer operations) of the shift
register inplenmented by the cascaded D-FFs 41. Furthernore, the data-read
control signal drGATE is.set to "L" level. Accordingly, in the second
vertical driving circuit 13, the 20. data-wite control signal dwGATE is
set tdGATE (ievi8| ‘tcarfthTEhel dosh i Ve gpovidr -isuFp | SARAGI a%jéﬂl\K:(jg\JﬂE\/l is pulled to
VDD |level. Thus, in the pixel circuit including the nenory, shown in

Fi g.' holtiawdatfamaniany sidttachine gaerkimedaianleat SwWdtPFi2®P7 are both
turned of f (open).. Accordinglé,.inage data is 28 March 2006 - not

Wi t t S gedmaise 1Sy idie 15 LGl me ey ATt }253,ndarﬂ215rrermry
data is not read out of the nmenory circuit 25 jnto the liquid crystal cel
uni t, MEAQ BN ten HITRIGY | ige” (signdi© c%FEb(e‘J’t‘JId t'he.FIJi%ui]% carystal cell
Ej(r:% E)'Sg?}jnaj'_nrgovt\:l-h%%“é J‘:qu:wwt?ra:ls‘r!i%lgwoaf tm%%l rlyx%laft%elien(:ta chgmtb%r}lezdg turned on
display of an analog-signal display {up to GATE(i+l), and
from GATE(i+5)} and a memory-data display {GATE(i+2) to
GATE (i+4)}.
First, an operation for writing an analog signal will
10 be-described with reference to the timing chart shown in Fig.
10. The memory-data read-control signals MEM1 and MEM2 and
the memory-data write control signal WE are all set to low
level (ﬁereinafter referred to as "L" level). Accordingly,
the first vertical driving circuit 12 sequentially outputs
15 scanning signals GATE in synchronizatidn with shift
operations (transfer operations) of tﬁe shift register
implemented by the cascaded D-FFs 41. Furthermore, the
data-read control signal drGATE is set to "Lt level.
Accordingly; in the second vertical.d;iving circuit 13, the
20, data—-write céntrol signal dAwGATE is set to "L" level, and
the positive power-supply voltage VCCMEM 1s pulled to VDD
level.
- Thus, in the pixel circuit including the memory, shown

in Fig. 2, the data-write switch 24 and the.data—read switch

25 27 are both turned off (open). Accordingly, image data is




in*response to the scanning signal GATE. Next, an operation for reading

menory data will be described with reference to the tim mgMaaktoghown in
Fig. 11_In a vertical scanning period for a nmenory-data display, .10 the
menory-data read-control signal MEM1 is set to high level (hereinafter .

referred to as "H' level) , and after a period of 1H froma rise thereof,

the nmenory-data read- control signal MEM2 is set to "H' level. Then, in
the first vertical driving circuit 12, the scanning signal GATE 15. is set
to "L" level by the nenory-data reathcontrol signal MEML, and after a
period of 1H the data-read control signal drGATE is set to "H' level by
the nmenory-data read- control signal MEM2. When the data-read contro

i gnahodr GATELLS bt ancHaicdlll avsle 168 dal anfeadnstiyt e 2asks tur ned

on,'so that data held |n the menory circuit 25 (nmenory ata) IS read via

the dat azpaafchihena26 Wst hog debay o bH E%%”hbﬁ%r? BliRguok 28canni ng by
the scanning signal GATE. At this tinme, by the operation of the data-read

SWi t chn23, tBepQtgnticalrOstan Xes1 2bithe apal ahily sRekngibpvernkhgd at a cycle

of. 1H (or 1F) is 28 March 2006 - 26 witten to the liquid crystal cel
unit asgaapi ¥ah pet ent itdk. 1iAuithicsvkita®, ceelchangecaceurswi-Bythe operation
of the second vertical driving circuit 13. The first driving circuit 12
dr vesowhkapixelriei tbhei psxed-ispleynchbwanichatBonuwnthl shi fitiopednti ons of
the shift
- in response to the scanning signal GATE.
Next, an operation for reading memcry data will be

described with reference to the timing chart shown in Fig.

11. In a vertical scanning pericd for a memory-data display,
10 the memory-data read-control signal MEM 1 is set to high

level (hereinafter referred to as "H" level), and after a

period of 1H from a rise thereof, the memory-data read-

control signal MEM 2 is set to "H" level. Then, in the

first vertical driving circuit 12, the scanning signal GATE
15 is set to "L" level by the memory-data read-control signal

MEM1, and after a perxiod of 1H, the data-read control signal

drGATE is set to "H" level by the memory-data read-control

'signal MEM2 .

When the data-read contrel signal drGATE is set to "H"

20 level, the data-read switch 27 is turned on, so that data

held in the memory circuit 25 (memory data) is read via the
- data-read buffer 26 with a delay of 1H from the timing of
scanning by the scanning signal GATE. At this time, by the

operation of the data-read switch 27, a potential Cs or Xcs§,

 25 ' the polarity being inverted at a cycle of 1H (or 1F), is




regi ster inplenmented by the cascaded D-FFs 41. Thus, a conbined display of
an anal-og-signal display and a nenory- data display is al 28Wiachl0@®e a
boundary scanning |line between a display region for witing an.anal og"
signal and a 10 display region for witing nenory data can be defined by
timngs of the nenory-data read-control signals MEML and MEM2. '
Furthernore, in this enbodinent, as is apparent from the timng chart
shown in Fig. 11, the data-read control 15 signal dr GATE(i +4) of the
(i+4)-th row is generated at the _s3 _timng as the scanni ng signal

GATE(i +5) of the (i+5)-th rowis generated. That is, the scanning signal
GATE(i +5) of the (i+5)-th row and the data-read control signal drGATE(i +4)
of the (i+4)-th row are set to "H' level at the .20 same timng. By

setti ngritmemgtoethei dbnghipgscagstedceebéduabdves ienpigelyingfandriad -
menory-data display, even if nenory data is read and witten to the liquid
cryst @t cehls upime af nerchapae i oecwrs 140 f tlogn aPe¥ad kR of f pilk@l selection in
an anal og- 25 signal display, i,e., froma timng of witing inmage data to
28 Marggcomdevertpegl dnevirgeireptitul$- 25, a nenory-data display for the
(i+4)- th row and an anal og-signal, display for the (i+5)-th row are

al | owed at Thfe Kiaied 195 Wik iF ihftichi iy d5ior@st (& - FHE Y FS%splay to
grgp?g@{ Og?yrgé_fgé‘%'hjef%éﬁéﬁ%%‘gg@i%Qeoﬁé"ﬁéti"é‘r?s 44 N6, QT 1, merory-data

register implemented by the cascaded D-FFs 41. Thus, a
combined displaf of an analog-signal display and a memory-
data display is allowed since a boundary scanning line
between a display region for writing an analog signal and a
10. display region for'writing memory data can be défined by
timings of the memory-data read-control signals MEM1 and
MEM?Z .
Furthermore, in this embodiment, as is appérent from
the timing chart shown in Fig. 11, the data-read control
15 signal drGATE(i+4) of the (i+4)-th row is generated at the
same timing as the scanning signal GATE(i+5) of the (i+5)-th
row 1s generated. That is, the scanning signal GATE (i+5) of  }
the (i+5)-th row and the data-read control signal
erATE(i+4f of the (i+4)-th row are set to "H" level at the
20 'saﬁe timing. | |
By sefting timing relationships as described above, in
driving'for a memory-data display, even if memory data is
read and written to the liguid crystal cell unit after a
period of 1H from a timing of pixel seleétion in an analoé—

+ 25 signal display, i.e., from a timing of writing imagé data to




displ ayed for sure.'FinaIIy,'an operation for witing nmenory data will be
.described with reference to the timng chart shown in Fig28MachBEdost, in a
period of witing digital inage data to the 10 nenory circuit 25, the
menory-data write-control signal VE is set to "H' level. The timng of the
menory-data wite- control signal WE can be arbitrarily set., and thus is
not shown in the timng chart shown '"in Fig. 12. In the second verti cal
driving circuit 13, when the 15 nmenory-data wite-control signal WE is set
to "H' level, data-wite control-signals dwGATE are sequentially output in
synchroni zation with transfer operations of the shift register inplenented
by the cascaded D--FFs 61. Thus, in the pixel circuit including the

menmory, shown in Fig. .2, the 20 data-w.ite swtch i urnedyan, so that \
di gi t &R W&g@fydﬁé%“&%m%f’rt@n“%%“_Otrﬁe\gr?é‘r_%rd?@&lr%é’ui%férlz?%ia( the signal |ine
This sequence al |l ows i e data . to. j tQ the 5)MmBADKChkeui t 25,
and i frigédatd 8nb§qé£§%'Fﬁ&%??hghggﬁgﬁikggngichit 5 within. | F (one
field) period . k- 28 28 Murch 2008 The hol ding wold agmidigr qaraory data
in th@lﬁgﬁﬁﬁbatt%%ﬁh%%ﬂfﬁq?%@%he paneflcifbgétry power sypS?; VDD. When

1 mage (dat a5 I ten 19 Jhe Mpmr WiEhiedi t 2huas WesqEshednearlier in

rel at Fon*ré 't he operations of the first exanple 5 of the pixel circuit,
the pasiti e RYVErSMRR MM @8 1ay, i.e., the (i+4)-th row, is
displayed for sure.

Finally, an operation for writing memory data will be

described with reference to the timing chart shown in Fig.

12. First, in a period of writing digital image data to the

10 memory circuit 25, the memory-data write—control signal WE
is set to "H" level. The timing of the memory-data write-—
control signal WE can be arbitrarily set, and thus is not
shown in the timing chart shown in Fig. 12.

In the second vertical driving circuit 13, when the

15 memory—data write-control signal WE is set to “H* level,

‘data-write control signals dwGATE are sequentially output in
synchronization with transfer operations of the shift
register implementéd by the cascaded D~FFs 61. Thus, in the
pixel circuit including.the memory, shown in Fig. 2, thg
20 data—-write sﬁitch 24 is turned on,.so that digital image
data is written to the memory circult 25 via the_signal line
i6-1.
This éequencerallows image data to be written to the
' memory circuit 25 and image data to be read from the memory

25 circuit 25 within 1F (one field) period..
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VCOMEM i s once |lowered from VDD | evel to the nmenory-data voltage at the
VCC level. At that tine, it takes tinme for the positive P3WMircBQpPdYy
voltage VCCMEM to shift fromVDD |evel to VCC | evel due to the effect ‘of
characteristics of 10 circuit elenents. If it takes tine for the positive
power - supply voltage VCCVMEMto shift fromVDD |level to VCC | evel, in the
case of the exanple described earlier, image data is input to the nenory.
circuit 25 while the positive power-supply voltage 15 VCCMEM i s bei ng

shifted from7 Vto 3 V. For exanpl g5 if the positive power-supply voltage

at that tine is 5V, the data becorres indetermi nate, causing a current to
flow through the nmenory circuit 25 (SRAMin the exanple circuit shown in
Fig. 3). 20 . In _order to prevent this problem in this enbodi nent, the
positive pdwsr %q}ﬂiﬂﬂ VG TEGEE VCEVENMS 1t 1988 tferioy yehecinrasginty 25 is
controlled as vg be described bel ow. The <control is executed by the
second VTt > dt§ vty Raretingirasitry Reyeet f3eprbnt ¥l - sdffiance will be

described be oW 25 As, shown in the timng chart shown in Fig. 12, when the
28 Mar¢tr%o %ﬁ%}ld&a%.wﬂ%ﬁtmcybﬁaﬁ VIS s qrddussht i ng

Wit f ta Is set "H' level, in the second vertical driving
CI rcu?%nfgl ﬁ he po %ﬁ’tjs pﬁ‘ci/ ts}bﬁ totﬁ?rﬂtjs‘?ﬁ%&fs %fl(%)exiaé@é{e in response

?t age t\‘}%gvg%xetlhec1@c% fd ' q‘. %%s:.adlve R vhe Sttt &by, supp ypOSI tla\{gee pover - supply
VCCMEM is once lowered from VDD level to the memory-data
voltage at the VCC level. At that time, it takes time for
the positive power-supply voltage VCCMEM to shift from VDD

- Jevel to VCC level due to the effect of characteristics of
10  circuit elemente.
If it takes time for the positive power-supply voltage
VCCMEM to shift from VDD level to VCC level, in the case of
the example described earlier, image data is input to the
memory. circuit 25 while the positive power-supply voltage
15 VCCMEM is being shifted from 7 V to 3 V. For example, if.
the positive power-supply voltage at that time is 5 V,'the
deta becomes indetefminate, causing a current to flow
through the memory circuit 25 (SRAM in the example circuit
shown in Fig. 3).
20. In order to prevent this problem, in this embodiment,
- the positive power-supply voltage VCCMEﬁ of the memory
circuit 25 is controlled as will be described below. The
coetrol is executed'by the second vertical driving circuit

13. A specific control sequence will be described below.

25 As shown in the timing chart shown in Fig. 12, when the

T
i




-appar ent

lovered fromVDD | evel to VSS | evel. Then, the power-supply swtch 74

selects VCC |l evel in response to an output of the invert@g8Méach2b@ eby the
positive power-supply voltage VCCMEMis shifted fromVSS |evel to VCC :
| evel . The image 10 data is witten to the menory circuit 25 at VCC | evel,
and ‘then the positive power- supply voltage VCCMEM is restored to VDD

| evel . As descri bed above, when inage data is witten to the nenory
circuit 25, the positive power-supply voltage VCCMEM 15 of the nmenory
circuit 25 is once lowered forciblky2broem VDD | evel to a-level (VSS |evel in
this exanple) Iower than VCC |evel and then set to VCC | evel. Thus, the
tinme it takes for the positive povver-supply vol tage VCCMEM to shift from

VDD | | t CC | d bl d. A di 20 dat
s pr QYRR E- 175 %%%' PRt oo t He= hor %jcecm%%’tr:z%é‘qﬁwq he. posi ti ve
I It COI\% has,, b d 19 I . Th
83@.%@%%%%;)? fr% I\%g ﬁ?\de %‘F%% h:ﬁ?ﬂ‘ t}g?v]vcejsr?e ow 0 C;;Clpc:%]gl ng gzrrent
t I I t
oS0 SLESINLDL LIRS ST e SR L SRRV STUER, 2Py 1L LA Q! TPl oren

descri R%J?)abfé( €01 85 affg?%gﬁlg@e{o%n E?Q?ﬁtC%%CEhESRQ. @??Ed” o S glgS

ormt e exa clrcuits o Irst vertica ng éII’CUIt

125an%ﬂé‘ﬁebﬁ%%&@iﬁi&@'p%éﬁﬂ%ﬁii %itajg?e J&um& esuldr.dn a large 5

nunber of circuit el ements and an extrenmely large circuitry
Jowered from VDD level to VS5S level. Then, the power-supply
switch 74 selects VCC level in response to an ouﬁput of the
inverter 75, whereby the positiee power—-supply voltage
VCCMEM is shifted from VSS level to VCC 1evel. The image

10 data 1s written to the memory circuit 25 at VCC level, and
then the positive power—supply.voltage VCCMEM is restored to
VDD level.

As descfibed above, when image data is written to the

memory circuit 25, the positive power-supply voltage VCCMEM

15 of the memory circuit 25 is once lowered forcibly from VDD

level to a level (V5SS level in this example) lower than VCC

T level and then set to VCC level. Thus, the time it takes

fof the positive power-supply voltage VCCMEM to shift from

VDD level to VCC level is considerably reduced. Accordingly,
20 . image data is prevented from being input to the memory

circuit 25 before the positive power-supply voltage VCCMEM

has fully been lowered to VCC level. Thus, data is

prevented from being indeterminate, and flow of a passing

cﬁrrent associated with indeterminate date is prevented.

25 - In order to implement the vertical driving systém




scale. Wien a liquid crystal display is used as an output display of a
portable termnal.., for exanple, a cellular phone, the @8tyatth 200pl ay is
di sposed typically at a center of the body of the cellular phone. Since
bodi es of cellular 10 phones are becom ng smaller and smaller every year,
it is desired in aliquid crystal display that the periphery of the pixel
region (effective. screen), or.what is called a frame, be reduced in size.
In view of this situation, inthe liquid crystal 15 display according to
this enbodinent, as is apparent from Fig. 1, the vertical driving system
is divided into the first and second verti cal driving circuits 12 and 13,
and the layout is such that the vertical driving circuits 12 and 13 are
di sposed separately on the left and right sides of 20 the pixel region 11.
Thus, Hawelmqatiter Fureytoidn 0fdd drer itved taleale dra Viagys ysisard ofef fi ci ent using
both sides of the pixel region (effective screen) 11, allowi ng the frane
of thRediquiidaritst als displad, penels tapdrerarar riower .tHen aamtgleul ar, in the
circuit exanples described 25 herei nabove, the first vertical driving

ci rcuidirkiiitss iaf 28elVHricts 2008 1@l drhiarigey ofidrid nig tdrel gd@nni ng | i ne
15-i and the data-read control line 29-i, and the second vertical driving
ci r cuigecongl verti asardyal winard Mgt t he3 datThivr ineswlort rial 4 ileeg28-i  and

t he power-supply control line 30-i. Thus, the scanning 5 signal GATE

f of . dFITWINEG (e Seahithlanfn s dndmp i rpmedy large circuitry

scale. When a liquid crystal display is used as an output
display of a portable terminal, for example, a cellular
phone, the output display is disposed typically at a center
of the body of the cellular phone. Since bodies of cellular
10 phones are becoming smaller and smallér every year, it is
desired in a liquid'crystal display that the periphery of
the pixel region (effective_screen), or what is called a
frame, be reduced in size;
In view of this situation, in the liquid crystal
15 display according to this embodiment, as is apparent from
Fig. 1, the vertical driving system is divided into the
first and second vertical driﬁing circuits 12 and 13, and
‘the layout is such that the vertical driving circuits 12 and
13 are dispésed separately on the left and rightrsides of
20 the pixel region 11. Thus, the pattern layout of the
vertical driving system is efficient using both sides of the
pixel region (effective screen) 11, allowing the frame of
fhe liguid crystal display panel to be narrower.
In particular, in the circuit examples described

25 hereinabove, the first vertical driving circuit 12 is in




'« read control signal drGATE for driving the data-read control [|ine 29-i,
and the data-wite control signal dwGATE for driving the 28aMarch2006@ '
control signal 28-ii and the power- supply voltage VCCMEM for driving the
power -supply control 10 line 30-i are associated with each other in

. operation. Thus, the circuits can be shared between the signals, serving
to sinplify the configurations of the first and second vertical driving
circuits. Fig. 13 is an external view showing a schematic 15 construction
of a portable termnal, for exanple,zja.cellular phone, according to the
present invention. The, cellular phone in this exanple has, on a front side
of an apparatus case 81, a speaker 82, an output display 83, an operation
unit 84, and a _mnicrophone 85, disposed.in that. 20 order from an upper

side. TR2FHE o8I AHLEAPENERE E6ABPAO6t ddRead dadserPbéhcaidta raad
liquid.crystal _dis s used in the . output display.83, and the liquid
crgstaFOH¥§B$a§lP§p£§%ﬁkeﬁBﬁtgBeb§eFﬁ8dlV&gFacéﬂy | lﬂgsﬁ¥59?éﬁcord?ng to
the ephodi ment descri bed .earlier 2 he out put display.83 ip.such a
ol 1 uliP photE. FhsTa=o8ENAF S bEobe JaTaouPELR CabkERhy Tiac B a di apl ay
functi in b r.th ke, Jin;whi an | e 1s displayed
ont'y 1504 Ch BORPEPLBBRS, R8bREST e ¢1iBaPOGIr el B8R of e RECTIPERRT Ao an
exanpl &; gh i tBgret A0dbY JRde, LNLOLOBLLONSYEN.a85Lhe, 2qr BRI ) pg-battery
capacity; reception senS|t|v?ty and tine

read control signal drGATE for driving the data-read control

line 29?i, and the data-write control signal dwGATE for
driving the data-write control signal 28-i and the power—
supply voltage VCCMEM for driving the power—supply control
10 1ine 30-i are associated with each other in operation. Thus,
‘the circuits can be shared between the signals, serving to
.simplify thewcopfigurations of the first and second vertical
" driving circuits.
Fig. 13 is an external view showing a schematic
15 construction of a portable terminal, for example, a cellular
phone, according to the present invention.
The cellular phene in this example has, on a front side
of an apparatus case 81, a speaker 82, an output display 83,
an operation unit 84, and a microphohe 85, disposed in that
20 order from aﬁ upper side. In the ceilular phone constructed
as described above, a 1iquid crystal display is used in the
output display 83, and the liquid crystal display is
implemented by the iiquid crystal display according to the
embodiment described earlier.. | ’

25 The output display 83 in such a cellular phone has a'




.i's constantly displayed in a partial region of the screen, as shown in
Fig. 14. The remaining display area is displayed, for exa@gMeachi2006Vhite
(or black). In the cellular phone having the output display 83 with 10. a
partial display function as described above, the liquid crystal display
according to the enbodi nent described wearlier is used as the output '
di splay 83, and a nenory-data display is perforned in the partial display
node. Thus, reduction in power consunption is allowed since charging and
15 di scharging of signal lines are not needed, allow ng usage over a

| onger period by a single charging 68 a battery serving as a nmain power
supply. In particular, since the effect of a pixel potential is avoided
when inage data is witten to the nmenory circuits 20 provided for the
respegidme 1 xBlsiEidE Udce HEMYidisF DaPr O el n | Bf g8 S|ty agaidst
variation in characteristics of transistors formng the pixel circuits.
Accor dimgihg 1iMer] aid ofhiidh Erctiviey«uad | dyssiueydd oy atd en in the

transi stor characteristics does not exist,. serving to 25 provide pictures
i n hi geruial tnegizéh Nar adth2066-t1 338 Furddieidore, e dden | ayeaut of the
vertical driving systemis such that the first and second vertical driving
ci r cuiamns ex2midc 13 rarth odissposty sepbr atiel §omm tihe |sefdh arsd the ght  si des,
the frame of the liquid crystal display panel can be nade narrower. Thus,
when gﬁ@ﬂﬁm*ﬁqjhﬁ@ﬁgqﬂ c@ipsslidy . reception sensitivity, and time

is constantly displayed in a partial region of the screen,
as shown in Fig. 14. The remaining display area is
displayed, for example, in white (or black).
In the cellular phone having the output display 83 with
10 a partial display function as deééribed ébove,‘the liguid
crystal display according'to‘the embodiment described
earlier is used as the output display B3, and a memory-data

display is performed in the partial display mode. Thus,

reduction in power consumption is allowed since charging and
15 discharging of signél linés are not needed, allowing usage
over a longer period by a single charging of a batteryr
gerving as a main power supply.
In particular, since the effect of a pixel potential is
avoided when image data is written to the memory circuits
20 provided for the respective pixel circuits, serving to
-prévide a large margin against variation in characteristics
of transistors forming the pixel circuits. Accordingly,
variation in picture guality due to variation in the
.transistor characteristics does not exist, serving to

25 - provide pictures in high guality.




-+ «d s mounted on the apparatus case 81 of a predeterm ned size, the effective
screen size can be increased owing to the narrower frane 28Mafeh 2006 Ui d
crystal display panel. ~Conversely, if the effective screen size is
predeterm ned, 10 the size of the apparatus case 81 can be reduced owing to
. the narrower frame of the liquid crystal display panel. . Although the
description has been made in the context of a cellular phone as an exanpl e,
without limtation thereto, application to portable termnals in general,
15 including a cordl ess handset of_ ap extension tel ephone and a PDA, is
possi ble. set, Industrial Applicability As descri bed herei nabove, according
to the present 20 invention, in a pixel circuit including a nenory,
separate paths are prOV|ded for witing a digital imge signal to the
menory and E‘blftl’r‘@%{@ﬁ% S Hhef e i hayeusi ghathe rovwtheal mBoving Thus, when
a digital image signal is witten to the nemory, the witing operation-is
not affeeted by %uﬁhxéhaQStbﬁtéhFﬁélan@céSFHPHgV9rtéCPéraélﬁﬁ?§|n i's

provi ded a alns%%ZS Nhrgh 200 variation_in characteristics of

transi StHrELForhf ngtthe® prke lﬁPPEEﬁtSegarerﬁbYtanaGB?d $5Fi affon in

picture, gualfy. dug tocvariatiop,in{he, characteristics of the
5 can be made narrower. Thus, when the liquid crystal display
is mounted on the apparatus case 81 of a prédetermined size,
the effective screen size can be increased owing to the
narrower frame of the liquid crystal display panel.
Conversely, if the effective screen size is predetermined,
10 the size of the-apparatus case 81 can be reduced owing to
the narrower frame of the liquid crystal display.panel.

Although the description has been made in the context

of a cellular phone as an example, without limitation

thereto, application to portable terminals in general,

15 including a cordless handset of an extension telephone set,

and a PDA, is possible.

Industrial Applicability
As described hereiﬁabove, according to the present
20 '1nvention,‘iﬂ a pixel circult including a memory, separate
paths are provided for writing a digital image signal to the
memory and for reading a digital image signal from the
memory. Thus, Wheﬁ a digital image signal is written to fhe
memory, the writing operation is not affected by a pixel

25 potential. Accprdingly,_a large margin is provided against



CLAIM5 1. Aliquid crystal display conprising a plurality of -pixel

circuits including liquid crystal cell units, arranged to Jgaviach200@tri X on
a substrate, vertical driving neans for selectively driving the plurality
of pixel circuits on a row by-row basis; wherein each of the plurality of

pi xel circuits conprises: a pixel-select switch for witing an anal og
image signal fed fromthe signal line to the liquid crystal cell unit in
synchroni zation with vertical scannipg;-a nmenory for holding a digital
i'mge signal; a wite switch for witing to the nmenory a digital inage
signal fed froma signal line wired on a col um-by-colum basis; and a read
buffer for reading the digital imge signal heId in the n%gory and witing
the di givaHiatisge 18 ghaFaFBEFhétWﬁu?% rIRgia torSe HOHRRE. th%r ead switch
for causing a high-inpedance state %ﬂéween an, out put, term nal o{: t he read
buf f er Mqlh@nméfmtd @ﬁmaﬂ BRI RVRHT VaRhAtEot dih PR S0 UG EY ng of the
digital inmage signal ,fromt to, the |i crystal. _cell unit by
the readWuf Cbrva%\i!ﬁ‘é?llé’f’-n1Ph5ﬁ9egﬁ?’€%¥t%l’fﬁﬁlrfgs rféwaﬂg‘ Pr‘ﬁ%ag 3 first
vertical driving neans for driving the pixel-select switch and the read
swltch on a row by-row basis; 28 March 2006 - 36




a second vertical driving nmeans for driving the wite switch on a

row by-row basis. 2. A'liquid crystal display according t@gMatcin2006 wher ei n
the read buffer converts the digital inage signal read fromthe nenory
into a constant potential whose polarity is inverted in synchronization

wi th an opposing potential of the liquid crystal cell unit whose polarity
is inverted on a line-by-line (or field- by-field) basis, and supplies the
constant potential to the Iliquid crystal cell unit as a pixel potential.

3. Aliquid crystal display accordizg-to claiml,wherein the first and
second vertical driving neans being di sposed on both sides of the pixel
region. 4. Aliquid crystal display according to claim1, wherein the

first vertical driving neans, when switching froma first display nobde
based on the digital inmage signalCkdd§ fromthe nmenory circuit to a second
di spl ay node based on the analog inmage signal, sets timng of driving the
read switch in a pixel circuit on a final rowin the first display node to
the sane tim as . timng.of, driving the, pixel-select switch in a pixel
circurt on & HiSarid SRTTRY RS RaY ot Shihy ROELEE! ok PRI d coynt al

di spl ay; ACGRE I NG hoh£h @il o @41%&6%&_% U1 £ SCGONhALET{d GBL, & 1 VI NG Rans
supplies a circuit pomer-suppf vol t age t%at s used I1n the pixel circuit

to thems®rmr ¥n G Ghddratds a hol ding voltage. 6. Aliquid crystal display.
according to claim5, wherein the second vertical driving nmeans once

| ower s t he. pevercedupplyingy akbrgefdredel @ttilve lpeamirningi tiouipgtluva didhe
power - supply control
of pixel circuits on a row-by-row basis;

wherein each of the plurality of pixel circuits
comprises:

a pixel-select switch for writing an analog image signal fed
from the signal line to the liquid crystal cell unit in
synchronization with vertical scanning;

a memory for helding a digital image signal;

a write switch for writing to the memory a digital image
éignal fed from a signal line wired on a column-by-celumn basis;
and

a read buffer for reading the digital image signal held in the
memory and writing the digital image signal to the liquid crystal
cell unit;

a read switch for causing a high-impedance state between an
output terminal of the read buffer and the liquid crystal cell unit
qfter completion of writing of the digital image signal from the
memory to the liquid crystal cell unit by the read buffer;

wherein the vertical driving means comprises:

a first vertical-driving means for driving the pixel-select

switch and the read switch on a row-by-row basis;




line fromthe circuit power-supply voltage to a potential of the 28 March
2006 - 37 signal line when the digital inmage signal is wa2gtNeth?008 he
menory circuit, and restores the power-supply voltage to the circuit
power - supply voltage after conpletion of the witing. 7. Aliquid crystal
di splay according to claim®6, wherein the second vertical driving neans
first lowers the power supply voltage fed to the nenory circuit via the

power-supply control line to a potgntial |ower than the potential of the
signal line when the digital inmage signal is witten to the nenory
circuit, aadsddven settsichhedpovien- segpd Yovollt agegt ohé heripet ential of the
signal line. 8. A portable term nal conprising an output display having a

parti aPv#rdploay2 e bynrehikasian i mage is displayed only in a parti al
region of a_screen, wherein a liquid crystal display is used as the output

_ , ol
di splay, th& fi gtifgdcristat Hhopraycs gsF?lg‘:l&E‘Bl r 4PF¥S/"oFhe pi xel

ci I’C!.Ii E?a&rﬂu%@ggdcén%e eLma rc]:i?.‘t RPN Orr]aaaesuibsntaliat Ead %%%h Qtfle t he plurality
of pixel circurts 1ncluding a Fiqui c?yssfaﬂ cef 7°° unrt, —a pi xel - sel ect

SWi t ChpfREryMintb N RRsa0a QA eAROS $mghalpoifedeyramitbe, signgl line to the
liquid crystal cell unit in synchronization with vertical scanning, a

menor ys{erhdoab ditigpnawi €h gird appbsiage pst@dlal arf WHet @igiid chykeg1 witing to
the nenory a digital inage signal fed froma signal line that is wired on
a col arhl bpitoihese bakityahd iaveetel bbuf & e¥irfobyrbiadi rigr thieldi-gital inage
Slgnalb;@¥flfd? éggisqegﬁg)géig?igg'éﬂéq%oL£E2§¥ %Légﬂtiaqagg the
-liquid crystal cell unit as a pixel potential.
3. A liquid crystal display according to claim 1,wherein the
first and second vertical driving means being disposed on both
sides of the pixel région.
4. A liquid crystal display according to claim 1, wherein the
first wvertical driving means, when switching from a first display
mode based on the digital image signal read from the memory
circuit to a second display mode based on the analog image
signal, sets timing of driving the read switch in a pixel circuit
on a final row in the first display mode to the same timing és
timing of driving the pixel-select switch in a pixel cifcuit on a
first row in the second disblay mode.
5. A liquid crystal display according to claim 1, wherein the
second vertical driving means supplies a circult power—-supply
-voltage that is used in the pixel circuit to the memory circuit
as a holding voltage.
6. A liguid cry%tal display according to claim 5, wherein
the second vertical driving means once lowers the power-supply

voltage fed to the memory c¢ircuit via the power-supply control

line from the circuit power—-supply voltage to a potential of the




signal to the liquid 28 March 2006 - 38 crystal cell unit, a read switch
for causing a high-inpedance. state between an out put ter n2sarchf2006e r ead
buffer and the |liquid crystal cell unit after conpletion of witing of the
digital inmage signal fromthe nenory to the liquid crystal cell unit by the
read buffer, a first vertical driving neans for driving the pixel-select
switch and the read switch on a rowby- row basis, a second vertica

driving neans for driving the wite__switch on a rowby-row basis. 9. A
portable term nal according to cl i AV 8; wherein the first and second
vertical driving neans being disposed on both sides of the pixel region.
ABSTRACT A hlgfld cr%stal display that |s unsusceptlble to the effect of a
pi xel poBAti WPSIUPFRGERE FAEPRPLATAgE 1952 Rty reql oy a | arge margin
to be prOV|ded]$ énst var%atlon in_charact rlst#cs of transistors formng

a pi xel™ €Y cui h T poT b1 CP& rRRWSArS ot it QuF cryst al
di spl | t | t t th
I Splay.;, Hl@p% 2L sfpiprnlguxlroltlan% uf 1d1d co%@e@_o}q Cfr I J(t(lf)g Seéparate paths

are provi ded” for Wi naI Fi e to the

remery el reul ta (Bl a-pdal gy geaéaggdqﬁg a2ad éorwheﬁsﬂ} ng i mage data
held in the nenory circuit nto I|qU| cry'stal unit via

the second vertical dr1v1ng means first lowers the power supply

voltage fed to the memory circuit via the power-supply control

line to a potential lower than the potential of the signal line

when the digital image signal is written to the memory circuit,

and then sets the power-supply voltage to the potential of the

signal line.

8. A portable terminal comprising an output display having a
partial display mode in which an image is displaved only in a
partial region of a screen,

wherein a liquid crystal display is used as the output
displéy, the liquid crystal display comprising a plurality of
pixel circuits arranged to form a matrix on a substrate, each of
the plurality of pixel circuits including a liguid crystal cell
unit, a pixel-select switch for writing an analog image signal
fed from the signal line to the liquid crystal cell unit in
synchronization with vertical scanning, a memory for holding a
digital image signal, a write switch for writing to the memory a
digital image signal fed from a signal line that is wired on a
column-by-column basis, and a read buffer for reading the digital
imége signal held in the memory and writing the digital image

signal to the liquid




a data-read switch (27). Furthernore, inmage data are read via a data-read
buffer (26). Accordingly, when image data is witten to thzs karehr2pp6dat a
held in the nmenory circuit (25) is not affected by a pixel potential.
Thus, a large margin can be provided against variation in the
characteristics of the transistors formng the pixel circuit, servingto
avoid variation in picture quality due to the variation in the transistor
characteristics.

- 38 -
érystal cell unit, a read switch for causing a high-impedance
state between an output terminal of the read buffer and the
liquid crystal cell unit after completion of writing of the
digital image signal from the memory to the liquid crystal cell
unit by the read buffer, a first verticai driving means for
driving the pixel-select switch and the read switch on a row-by-
row basis, a second vertical driving means for driving the write
switch on a row-by-row basis.

9. A portable terminal according to claim 8, wherein the
first and second vertical driving means being disposed on both

sides of the pixel region.






